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cludes at least one recording layer, and at least one SRR
entry. Each SRR entry corresponds to an SRR and in-
cludes at least one status field for indicating a recording
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status of the corresponding SRR. The status field in-

cludes a session start flag for indicating whether the cor-
responding SRR is a start of a session, the session being
formed by a group of the SRRs. Each SRR entry further
includes a start address field indicating where the corre-
sponding SRR starts, and a last address field indicating

the last recorded address of the corresponding SRR.
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Description
Technical Field

[0001] The present invention relates to a write-once
optical disc and a method and apparatus for recording
management information on the write-once optical disc.

Background Art

[0002] As an optical recording medium, optical discs
on which high-capacity data can be recorded are widely
being used. Among them, a new high-density optical re-
cording medium (HD-DVD), for example, a Blu-ray disc,
has been recently developed for recording and storing
high-definition video data and high-quality audio data for
along term period. The Blu-ray discis the next generation
HD-DVD technology and the next generation optical re-
cording solution, and has an excellent capability to store
data more than the existing DVDs. Recently, a technical
specification of international standard for HD-DVD has
been established.

[0003] Related with this, various standards for a write-
once Blu-ray disc (BD-WO) are being prepared following
the standards for a rewritable Blu-ray disc (BD-RE).
[0004] Among the standards for the write-once Blu-ray
disc (BD-WO), a disc management information recording
method is particularly discussed. This method includes
amethod of recording information on the recording status
of the disc as a characteristic of the write-once optical
disc. The information on the recording status of a disc is
referred to herein as recording status information or disc
recording status information.

[0005] The recording status information represents a
usage status of the disc, and allows a host or user to find
easily a recordable area on the write-once optical disc.
For the conventional write-once optical discs such as
CDs and DVDs, the information on the disc recording
status is known as: track information for the CD, and
RZone or fragment for the DVD. FIG. 1 is a schematic
diagram illustrating the recording status information of a
DVD-R disc according to a related art.

[0006] Referring to FIG. 1, the management informa-
tion of the DVD-Ris recorded in a recording management
data (RMD) area. Particularly, the recording status infor-
mation of the DVD-R is managed using RMD fields 4 -
12 of the RMD area. There are an open RZone, an in-
visible RZone and a closed RZone.

[0007] As for the RZone information, when a host re-
quires an additionally recordable location to additionally
record data on the disc, a driver confirm the LRAs (last
recorded areas) of a first open RZone and a second open
RZone, and generally transmits the location "LRA+1" as
the additionally recordable location to the host.

[0008] However, since the conventional DVD-R as de-
scribed above is different from a write-once Blu-ray disc
(BD-WO) in their physical structure and environment, the
conventional method of providing management informa-
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tion cannot be just applied to the BD-WO. In case of the
BD-WO, a driver manages disc defects, but the BD-WO
is required to have a special additional area for the driver
to manage the defects. The BD-WO, thus, has a complex
disc structure and as a result, the method of managing
the recording status of the DVD-R cannot be used for the
BD-WO.

[0009] Accordingly, there is a need for a method of
managing the recording status of a high density write-
once optical disc such as a BD-WO, so that the disc can
be accessed easily and used more effectively. And such
management information should be structured to ensure
compatibility with the overall structure, use and standards
of the BD-WO.

Disclosure of invention

[0010] Accordingly, the present invention is directed
to a write-once optical disc, and a method and apparatus
for recording management information on the write-once
optical disc, which substantially obviate one or more
problems due to limitations and disadvantages of the re-
lated art.

[0011] An object of the present invention is to provide
a write-once optical disc such as a BD-WO with recording
status information provided thereon, and a method and
apparatus for efficiently recording and managing this re-
cording status information.

[0012] Anotherobject of the presentinventionis to pro-
vide a technique of defining new sequential recording
range (SRR) types for a write-once optical disc and re-
cording the new SRR types in SRR information (SRRI).
Additional advantages, objects, and features of the in-
vention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. The
objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed
out in the written description and claims hereof as well
as the appended drawings.

[0013] To achieve these objects and other advantages
and in accordance with the purpose of the invention, as
embodied and broadly described herein, there is provid-
ed arecording medium comprising: atleastone recording
layer; and at least one SRR entry, each SRR entry cor-
responding to an SRR and including at least one status
field for indicating a recording status of the corresponding
SRR, the atleast one status field including a session start
flag for indicating whether the corresponding SRR is a
start of a session, the session being formed by a group
of the SRRs, each SRR entry further including a start
address field indicating where the corresponding SRR
starts, and alast address field indicating the last recorded
address of the corresponding SRR.

[0014] Inanotheraspectofthe presentinvention, there
is provided a method for recording management infor-
mation on a recording medium having at least one re-
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cording layer, the method comprising: recording at least
one SRR entry on the at least one recording layer, each
SRR entry corresponding to an SRR and including at
least one status field for indicating a recording status of
the corresponding SRR, the at least one status field in-
cluding a session start flag for indicating whether the cor-
responding SRR is a start of a session, the session being
formed by a group of the SRRs, each SRR entry further
including a start address field indicating where the cor-
responding SRR starts, and a last address field indicating
the last recorded address of the corresponding SRR.
[0015] Inanotheraspectofthe presentinvention, there
is provided an apparatus for recording management in-
formation on a recording medium having at least one
recording layer, the apparatus comprising: a recording/
reproducing unit to record at least one SRR entry on the
atleast one recording layer, each SRR entry correspond-
ing to an SRR and including at least one status field for
indicating a recording status of the corresponding SRR,
the at least one status field including a session start flag
for indicating whether the corresponding SRR is a start
of a session, the session being formed by a group of the
SRRs, each SRR entry further including a start address
field indicating where the corresponding SRR starts, and
a last address field indicating the last recorded address
of the corresponding SRR. It is to be understood that
both the foregoing general description and the following
detailed description of the present invention are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

Further embodiments described by the following items:
[0016]
1. A recording medium comprising:

at least one recording layer; and

at least one SRR entry, each SRR entry corre-
sponding to an SRR and including at least one
status field for indicating a recording status of
the corresponding SRR, the at least one status
field including a session start flag for indicating
whether the corresponding SRR is a start of a
session, the session being formed by a group
of the SRRs, each SRR entry further including
a start address field indicating where the corre-
sponding SRR starts, and a last address field
indicating the last recorded address of the cor-
responding SRR.

2. The recording medium of item 1, wherein each
SRR entry consists of a 64-bit sequence with most
significant bitbeing the first bitin the 64-bit sequence.

3. The recording medium of item 1, wherein the at
least one status field includes an SRR status field
having a size of 4 bits, and the session start flag has
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a size of 1 bit.

4. The recording medium of item 3, wherein, for each
SRR entry, one of the four bits of the SRR status
field is used as the session start flag.

5. The recording medium of item 1, wherein each of
the start address field and the last address field has
a size of 28 bits.

6. The recording medium of item 1, wherein the start
address field precedes the last address field.

7. The recording medium of item 6, wherein the at
least one status field precedes the last address field.

8. The recording medium of item 1, wherein the at
least one status field further includes:

an SRR type field for indicating a type of the
corresponding SRR.

9. The recording medium of item 8, wherein the SRR
type field has a size of 3 bits.

10. The recording medium of item 8, wherein the
SRR type field indicates whether the corresponding
SRR is an opened SRR or a closed SRR.

11. The recording medium of item 10, wherein the
SRR type field further indicates whether the corre-
sponding SRR is a closed due to padding or without
any padding.

12. The recording medium of item 8, wherein the
SRR type field indicates that the corresponding SRR
is one of the following:

an opened, invisible SRR;

an opened, incomplete SRR;

an opened, empty SRR;

an opened, partially recorded SRR;

a closed, empty SRR;

a closed, partially recorded SRR;

a closed, complete SRR with padded data; and
a closed, complete SRR without padded data.

13. The recording medium of item 8, wherein the
SRR type field indicates that the corresponding SRR
is one of the following:

an opened SRR;

an opened empty SRR or an opened, partially
recorded SRR; and

a closed, complete SRR.

14. The recording medium of item 1, wherein the at
least one status field further includes:
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an open/close flag for indicating whether the cor-
responding SRR is an opened SRR or a closed
SRR.

15. The recording medium of item 14, wherein the
open/close flag has a size of 1 bit.

16. The recording medium of 14, wherein the at least
one status field further includes:

a padding flag for indicating whether or not the
corresponding SRR is padded.

17. The recording medium of item 16, wherein the
padding flag has a size of 2 bits.

18. The recording medium of item 16, wherein the
padding flag indicates that the corresponding SRR
is one of the following:

an opened SRR;
a close SRR with padding; and
a closed SRR without padding.

19. The recording medium of item 1, wherein the at
least one SRR entry forms an SRR entry list, the
SRR entry list being sorted in a predetermined order.

20. The recording medium of the item 19, wherein a
criterion for sorting the SRR entry list in the prede-
termined order is the start address field.

21. The recording medium of item 8, wherein the at
least one SRR entry forms an SRR entry list, the
SRR entry list being sorted in a predetermined order,
a criterion for sorting the SRR entry list in the prede-
termined order being the SRR type field.

22. The recording medium of item 1, wherein one of
the at least one status field is reserved for a subse-
quent use.

23. The recording medium of item 1, wherein the at
least one SRR entry is stored in a temporary defect
management area designated on the at least one
recording layer.

24. The recording medium of item 1, wherein the
recording medium is a write-once optical disc.

25. A method for recording management information
on arecording medium having at least one recording
layer, the method comprising:

recording at least one SRR entry on the at least
one recording layer, each SRR entry corre-
sponding to an SRR and including at least one
status field for indicating a recording status of
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the corresponding SRR, the at least one status
field including a session start flag for indicating
whether the corresponding SRR is a start of a
session, the session being formed by a group
of the SRRs, each SRR entry further including
a start address field indicating where the corre-
sponding SRR starts, and a last address field
indicating the last recorded address of the cor-
responding SRR.

26. The method of item 25, wherein in the recording
step, each SRR entry consists of a 64-bit sequence
with most significant bit being the first bit in the 64-
bit sequence.

27. The method of item 25, wherein in the recording
step, the at least one status field includes an SRR
status field having a size of 4 bits, and the session
start flag has a size of 1 bit.

28. The method of item 27, wherein, for each SRR
entry, one of the four bits of the SRR status field is
used as the session start flag.

29. The method of item 25, wherein in the recording
step, each of the start address field and the last ad-
dress field has a size of 28 bits.

30. The method of item 25, wherein the start address
field precedes the last address field.

31. The method of item 30, wherein the at least one
status field precedes the last address field.

32. The method of item 25, wherein in the recording
step, the at least one status field further includes:

an SRR type field for indicating a type of the
corresponding SRR.

33. The method of item 32, wherein the SRR type
field has a size of 3 bits.

34. The method of item 32, wherein the SRR type
field indicates whether the corresponding SRR is an
opened SRR or a closed SRR.

35. The method of item 34, wherein the SRR type
field further indicates whether the corresponding
SRR is a closed due to padding or without any pad-
ding.

36. The method of item 32, wherein the SRR type
field indicate that the corresponding SRR is one of
the following:

an opened, invisible SRR;
an opened, incomplete SRR;
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an opened, empty SRR;

an opened, partially recorded SRR;

a closed, empty SRR;

a closed, partially recorded SRR;

a closed, complete SRR with padded data; and
a closed, complete SRR without padded data.

37. The method of item 32, wherein the SRR type
field indicates that the corresponding SRR is one of
the following:

an opened SRR;

an opened empty SRR or an opened, partially
recorded SRR; and

a closed, complete SRR.

38. The method of item 35, wherein in the recording
step, the at least one status field further includes:

an open/close flag forindicating whether the cor-
responding SRR is an opened SRR or a closed
SRR.

39. The method of item 38, wherein the open/close
flag has a size of 1 bit.

40. The method of 38, wherein in the recording step,
the at least one status field further includes:

a padding flag for indicating whether or not the
corresponding SRR is padded.

41. The method of item 40, wherein the padding flag
has a size of 2 bits.

42. The method of item 40, wherein the padding flag
indicates that the corresponding SRR is one of the
following:

an opened SRR;
a close SRR with padding; and
a closed SRR without padding.

43. The method of item 25, wherein the at least one
SRR entry forms an SRR entry list, and the method
further comprises:

sorting the SRR entry list in a predetermined or-
der.

44. The method of the item 43, wherein in the sorting
step, a criterion for sorting the SRR entry list in the
predetermined order is the start address field.

45. The method of item 32, wherein the at least one
SRR entry forms an SRR entry list, and the method
further comprises:
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sorting the SRR entry list in a predetermined or-
der based on the SRR type field.

46. The method of item 25, wherein in the recording
step, one of the at least one status field is reserved
for a subsequent use.

47. The method of item 25, wherein the at least one
SRR entry is stored in a temporary defect manage-
ment area designated on the at least one recording
layer.

48. The method of item 25, wherein in the recording
step, the recording medium is a write-once optical
disc.

49. An apparatus for recording management infor-
mation on a recording medium having at least one
recording layer, the apparatus comprising:

a recording/reproducing part to record at least
one SRR entry on the at least one recording lay-
er, each SRR entry corresponding to an SRR
and including at least one status field for indi-
cating a recording status of the corresponding
SRR, the at least one status field including a
session start flag for indicating whether the cor-
responding SRR is a start of a session, the ses-
sion being formed by a group of the SRRs, each
SRR entry further including a start address field
indicating where the corresponding SRR starts,
and a last address field indicating the last re-
corded address of the corresponding SRR.

Brief Description of Drawings

[0017] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this applica-
tion, illustrate embodiment(s) of the invention and togeth-
er with the description serve to explain the principle of
the invention. In the drawings:

FIG. 1 is a schematic diagram illustrating manage-
ment information recorded on a DVD-R disc accord-
ing to the related art;

FIGs. 2A to 2D illustrate different opened SRR types
of a write-once optical disc according to the present
invention;

FIGs. 3A to 3E illustrate different closed SRR types
of a write-once optical disc according to the present
invention;

FIGs. 4A to 4G illustrate an example of a process of
recording SRR(s) and session(s) of a write-once op-
tical disc according to the present invention;

FIG. 5 illustrates a structure of a write-once optical
disc and a method for recording disc management
information on the write-once optical disc according
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to the present invention;

FIG. 6illustrates an SRR entry recordable on a write-
once optical disc according to a first embodiment of
the present invention;

FIGs. 7A and 7B illustrate an application of the SRR
entry structure of FIG. 6 to the cases of FIGs. 4F and
4G, respectively;

FIG. 8illustrates an SRR entry recordable on a write-
once optical disc according to a second embodiment
of the present invention;

FIGs. 9A and 9B illustrate an application of the SRR
entry structure of FIG. 8 to the cases of FIGs. 4F and
4G, respectively;

FIG. 10 illustrates an SRR entry recordable on a
write-once optical disc according to a third embodi-
ment of the present invention;

FIGs. 11A and 11B illustrate an application of the
SRR entry structure of FIG. 10 to the cases of FIGs.
4F and 4G, respectively;

FIG. 12 illustrates an SRR entry recordable on a
write-once optical disc according to a fourth embod-
iment of the present invention;

FIGs. 13A and 13B illustrate an application of the
SRR entry structure of FIG. 12 to the cases of FIGs.
4F and 4G, respectively;

FIG. 14 illustrates an SRR entry recordable on a
write-once optical disc according to a fifth embodi-
ment of the present invention;

FIGs. 15A and 15B illustrate an application of the
SRR entry structure of FIG. 14 to the cases of FIGs.
4F and 4G, respectively;

FIG. 16 illustrates a method of updating SRR infor-
mation on a write-once optical disc according to the
present invention; and

FIG. 17 illustrates an optical disc recording/repro-
ducing apparatus according to the present invention.

Best Mode for Carrying Out the Invention

[0018] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples
of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers are
used throughout the drawings to refer to the same or like
parts. For the convenience of description, a write-once
Blu-ray disc (BD-WO) will be described as an example.
[0019] In this specification, the terminology of the
present invention employs generally popularized terms
if possible. However, in a specific case, terms are arbi-
trarily selected by the inventor(s). In this case, since the
meanings of the terms are defined in detail in the corre-
sponding descriptions, it is understood that the invention
should be understood with the defined meanings of the
terms, if defined in the specification.

[0020] According to the present invention, a plurality
of areas are formed or reserved in a write-once optical
disc so that these areas can be recorded with detailed
information. Each of these special recording areas is
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called a sequential recording range (SRR). Information
on the recording status (recording status information or
disc recording status information) of a write-once optical
disc such as a BD-WO is called an SRR information (SR-
RI), similar to the use of the term "sequence recording"
in the sequence recording mode of a BD. "Padding"
means recording dummy data, zero values, or some oth-
er designated padding data to an unrecorded or empty
areain a closed SRR in response to the request of a user
or according to the determination of a recording/repro-
ducing unit (e.g., unit 10 shown in FIG. 17). "Session" is
acommon name used to divide the SRRs for compatibility
according to the specification for reproduction. One ses-
sion includes at least one SRR.

[0021] The presentinvention defines different types of
SRRs to indicate exactly the recording status of each
SRR in a write-once optical disc such as a BD-WO, and
provides a structure for the write-once optical disc that
would allow recording of such status information on the
disc, with a full compatibility to the existing structure and
use of the disc.

<SRR type & Session type>

[0022] An SRRiis all area reserved for recording data
or information on a write-once optical disc such as a BD-
WO. The present invention defines the types of the SRRs
according to necessity and/or a recording progress. The
detailed description of various SRR types and session
types that are defined by the present invention, is pro-
vided as follows referring to FIGs. 2A-4G.

[0023] FIGs. 2A to 2D illustrate different opened SRR
types of SRRs for a write-once optical disc such as a BD-
WO according to the present invention. An opened SRR
means an SRR in which its area is recordable. "Record-
able" means having a next writable address (NWA). Ac-
cordingly, the opened SRR is an SRR with an NWA. An
unrecordable SRR without NWA is a closed SRR. The
closed SRR types willbe described later referring to FIGs.
3A to 3E.

[0024] More specifically, FIG. 2A illustrates a first
opened SRR, which is defined by the present inventors
as aninvisible SRR. The invisible SRR is an SRR formed
in an outmost track area of a blank disc or a disc, which
has not been recorded. Such an SRR has only a start
address and no end address (i.e., no end to its area).
Since the invisible SRR has no recording, its LRA has a
zero value and its NWA has the same value as the start
address of the invisible SRR.

[0025] FIG. 2Biillustrate a second opened SRR, which
is defined by the present inventors as an incomplete
SRR. The incomplete SRR is an SRR that is partially
recorded from the invisible SRR state shown in FIG. 2A.
In other words, an invisible SRR having some incomplete
recording is referred to as an incomplete SRR. The in-
complete SRR has a start address but no end address.
As the SRR is incompletely recorded, its LRA is the ad-
dress of the last location where the normal data is re-
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corded and its NWA is information corresponding to a
location next to the LRA.

[0026] FIG. 2C illustrates a third opened SRR, which
is defined by the present inventors as an empty SRR.
The empty SRR is an SRR that is formed generally at a
middle area of a disc, other than the outermost track of
the disc. The empty SRR results when a host or user
forms an opened SRR to record but has not recorded
any data to the opened SRR. The empty SRR has a start
address and an end address, but has not been recorded
yet. As a result, the LRA of the empty SRR has a zero
value and the NWA has the same value as the start ad-
dress of the empty SRR. FIG. 2D illustrates a fourth
opened SRR, which is defined by the present inventors
as a partially recorded SRR. The partially recorded SRR
is created when an empty SRR as in FIG. 2C is partially
recorded with data. Accordingly, such an SRR has a start
address and an end address. Since the SRR is partially
recorded, the LRA of the partially recorded SRR is the
last location where the normal data is recorded and the
NWA of the partially recorded SRR is information corre-
sponding to a location next to the LRA.

[0027] Generally, a conventional write-once disc such
as a DVD-R has only two opened Rzones. In contrast, a
write-once optical disc such as BD-WO according to the
present invention does not have such a small limited
number of opened SRRs. Instead, the total number of
opened SRRs in the BD-WO is either unlimited or is lim-
ited to sixteen, so that the disc can be used more effi-
ciently. Accordingly, the present invention also provides
a method of recording management information that is
different from the conventional recording methods.
[0028] FIGs. 3A to 3E illustrate different closed SRR
types of a write-once optical disc such as a BD-WO ac-
cording to the present invention. The closed SRR means
an SRR having an unrecordable area. Being "unrecord-
able" means having no next writable address (NWA). The
closed SRR can be reserved since its area is closed to
recording. An SRR can be closed forcedly due to a close
command from a host or user even though a recordable
area remains in the SRR.

[0029] FIG. 3A illustrates a first closed SRR, which is
defined by the present inventors as an empty SRR. The
empty SRRis an SRR thatis closed withoutany recording
due to a close command received in the opened empty
SRR state shown in FIG. 2C.

[0030] FIG. 3Billustrates a second closed SRR, which
is defined by the presentinventors as a partially recorded
SRR. The partially recorded SRR is an SRR that is closed
due to a close command received in the opened partially
recorded SRR state shown in FIG. 2D.

[0031] FIG. 3C illustrates a third closed SRR, which is
defined by the presentinventors as a complete SRR. The
complete SRR is an SRR that is recorded fully with nor-
mal user data to the end of its area. A complete SRR
exists only when the SRR is closed.

[0032] FIG. 3D illustrates a fourth closed SRR, which
is defined by the present inventors as another kind of a
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complete SRR. This complete SRR results when all the
recordable (not yet recorded) area of the opened partially
recorded SRR shown in FIG. 2D is padded with specific
dummy data or zero values and then closed.

[0033] FIG. 3E illustrates a fifth closed SRR, which is
defined by the present inventors as another kind of a
complete SRR. This complete SRR results when all the
recordable (not yet recorded) area of the opened empty
SRR shown in FIG. 2C is padded with specific dummy
data or zero values and then closed.

[0034] AscanbeseenfromFIGs. 3A-3E, inthe present
invention, the type of an SRR is determined according
to whether the unrecorded area is closed without any
padding (FIGs. 3A and 3B) or after padding (FIGs. 3D
and 3E) when the opened SRR is changed into a closed
SRR.

[0035] Generally, there are three types of sessions ac-
cording to the present invention. The first session type
is an empty session made up of invisible SRRs. The sec-
ond session type is an incomplete session that has at
least one opened SRR, but no invisible SRR. The third
session type is a complete session made up of closed
SRRs. A session has at least one SRR. An incomplete
session is changed into a complete session, e.g., due to
a session close command.

[0036] FIGs. 4A to 4G illustrate, as an example, the
steps of a method of reserving or assigning SRRs and
sessions in a disc such as a BD-WO according to the
present invention. An arrow indicates an NWA.

[0037] Particularly, referring to FIG. 4A, in the first step,
a blank write-once optical disc such as a BD-WO is pro-
vided with its entire area being recordable. In the state
shown, the disc has only one SRR, which is an invisible
SRR as shown in FIG. 2A, and the NWA of the disc is
the start address of the disc. Accordingly, the disc has
only on session, so-called, an empty session.

[0038] Referring to FIG. 4B, in the second step, the
blank disc is partially recorded but its session is not
closed. In this state, the disc has only one SRR and this
SRRis anincomplete SRR as shown in FIG. 2B. Accord-
ingly, the disc has only one session, so-called, anincom-
plete session.

[0039] Referring to FIG. 4C, in the third step, the pre-
vious session of the disc is closed due to a close com-
mand and becomes a complete session # 1 having the
complete SRR #1. Then a new session is reserved as
an empty session, where its unrecorded area is an invis-
ible SRR as shown FIG. 2A.

[0040] Referring to FIG. 4D, in the fourth step, two
opened SRRs are reserved for new recordings. Accord-
ingly, in addition to the complete session #1, the disc has
two new opened empty SRRs and the previous empty
session is changed into an incomplete session.

[0041] Referring to FIG. 4E, in the fifth step, data are
recorded onto the first opened empty SRR of FIG. 4D
and onto the invisible SRR of FIG. 4D. Accordingly, the
first empty SRR is changed into an opened partially re-
corded SRR and the invisible SRR is changed into an
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incomplete SRR. As a result, the disc still has the com-
plete session #1 and the incomplete session.

[0042] FIGs. 4F and 4G show two possible steps each
of which can follow the step of FIG. 4E. In FIG. 4F, a
session close command is received and processed to
close the session without padding any unrecorded area.
As a result, the recorded area in the incomplete session
of FIG. 4E becomes an independent new complete ses-
sion #2 due to the session close command, where all the
SRRs in this session become closed SRRs. In other
words, the complete session #2 as reserved on the disc
includes a closed partially recorded SRR #2, a closed
empty SRR #3, and a closed complete SRR #4. The re-
maining outmost SRR is an opened invisible SRR #5 and
is part of an empty session #3.

[0043] Alternatively, in FIG. 4G, a session close com-
mand is received and processed to close the session
without padding the unrecorded area(s). The recorded
area then becomes an independent complete session #2
due to the session close command, where all the SRRs
in this session are changed into closed SRRs. In other
words, as a result of performing the padding operation,
the three kinds of complete SRRs #2, #3 and #4 are re-
served on the disc as part of the complete session #2.
The complete SRR #2 is the opened partially recorded
SRR of FIG. 4E that is changed into a closed SRR after
padding. The complete SRR#3 is the opened empty SRR
of FIG. 4E that is changed into a closed SRR after pad-
ding. The complete SRR #4 is a closed SRR having ac-
tual user data normally recorded therein. The remaining
outmost SRR is an opened invisible SRR #5 which is part
of an empty session #3.

[0044] As can be seen from FIGs. 4F and 4G, a differ-
ent kind of SRR can be reserved depending on whether
or not there is padding. Accordingly, in order to represent
the detail disc recording status of a disc, the present in-
vention provides an innovative SRRI structure and a
method of recording SRRI, so that these defined SRR
types can be distinguished accurately.

<Optical disc structure and SRRI structure>

[0045] FIG. 5 illustrates a structure of a write-once op-
tical disc such as a BD-WO and a method for recording
disc management information according to the present
invention. The disc shown in FIG. 5 has a single recording
layer as an example. But the present invention is not
limited to such, and is applicable to a disc having dual or
multiple recording layers.

[0046] Referring to FIG. 5, the disc includes a lead-in
area, adata area, and alead-out area, all at the recording
layer. The lead-in and lead-out areas have a plurality of
defect management areas (DMA1 - DMA4) for storing
the same defect management information repeatedly. In
the data area, an inner spare area ISAO and/or an outer
spare area OSAO for replacing defective areas is provid-
ed.

[0047] It is known that a rewritable optical disc does
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not have or need a large defect management area (DMA)
since its DMA can be written and erased repeatedly, even
if the disc has the DMA of limited size. This is not the
case for a write-once optical disc such as a BD-WO.
Since the write-once optical disc cannot be re-recorded
on the area that was recorded once, the write-once op-
tical disc needs and has a larger management area. To
more effectively store management information, in the
write-once optical disc the management information is
temporarily stored in a temporary defect management
area (TDMA). When the disc is ready to be finalized, then
the managementinformation stored in the TDMA is trans-
ferred to a DMA for more permanent storage.

[0048] As shown in FIG. 5, there are two types of TD-
MA. One is a primary TDMA (PTDMAO) allocated to the
lead-in area and having a fixed, non-variable size. The
other is an additional TDMA (ATDMAO) allocated to the
outer spare area OSAOQ and having a size variable in ac-
cordance with the size of the spare area. The size P of
the ATDMAO is, for example, P = (N * 256) / 4 and is
preferably a quarter of the size of the entire outer spare
area OSAO.

[0049] In each of the PTDMAO and ATDMAO, tempo-
rary defect list (TDFL) information and temporary disc
definition structure (TDDS) information are recorded in
one record unit (e.g., one cluster in case of a BD-WO).
In the alternative, in each of the PTDMAO and ATDMAO,
(TDFL + TDDS) information or (SRRI and TDDS) infor-
mation can be recorded in another record unit.

[0050] The TDFL informationis composed of 1 -4 clus-
ters according to the size of the defect area list. The SRR
information identifies whether a specific area (SRR) of
the disc is recorded or unrecorded. Especially, the SRR
information can be applied when the disc is recorded in
a consecutive recording method. The TDDS information
is stored at the last sector of thirty-two sectors in one
cluster. The TDDS information includes important infor-
mation on the general disc management and the defect
management. The TDDS information is generally always
recorded at last whenever the management information
is updated in the TDMA.

[0051] According to the present invention, each of the
plurality of SRRIs 60 includes three parts: a header 50
for causing the SRRI to be recognized, a list of SRR en-
tries (SRR entry list) 30 including SRR type information,
and an SRR list terminator 40 for identifying the termina-
tion of the corresponding SRRI.

[0052] The SRRI header 50 is located at the front of
the corresponding SRRI 60 and includes an "SRRI struc-
ture identifier" field 51 for causing the corresponding SR-
RI to be recognized, a "List of opened SRRs" field 52 for
identifying the location of each opened SRR in the cor-
responding SRRI, a "Number of SRR entries" field 53 for
identifying the total number of all SRRs, and a "Number
of opened SRRs" field 54 for identifying the number of
opened SRRs. By accessing the SRRI header 50, the
general contents of the entire SRRI 60 can be known
without having to access the SRR entry list 30 directly.
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Accordingly, it is possible to newly define any new SRR
types or other necessary information and to insert this
information into the header 50.

[0053] The SRR entry list ("List of SRR entries") 30 is
recorded after the SRRI header 50. When the SRR entry
list 30 is terminated, the termination of the SRR entry list
30 is identified with the SRR list terminator ("SRR List
Terminator") 50. Specifically, the SRR list terminator 50
is information identifying the termination of the corre-
sponding SRR information when the SRR information
has a variable size.

[0054] Accordingly, as the disc management informa-
tion, the SRR information includes the header, the SRR
entry list and the SRR list terminator. Such information
is recorded in the TDMA and updated as needed.
[0055] The SRR entry list 30 lists a plurality of SRR
entries 35. Eight bytes are allocated to each SRR entry
35, and one SRR entry 35 represents information on one
SRR reserved on the disc.

[0056] Each SRR entry 35 includes recording status
information (SRR type information) (31) for the corre-
sponding SRR, start address information (32) for the cor-
responding SRR, and last recorded address (LRA) infor-
mation (34) for the corresponding SRR. The SRR type
information identifies an SRR type of an SRR using the
various SRR types defined by the present invention as
discussed in connection with FIGs. 2A-3E.

<SRR entry structure>

[0057] FIG. 6 illustrates an example of an SRR entry
35 according to a first embodiment of the present inven-
tion. As shown in FIG. 6, each SRR entry 35 includes a
"Status" field 31 for storing 4-bit SRR type information,
a "Start address" field 32, a "reserved" field 33 and an
"LRA" field 34.

[0058] The appropriate SRR type information for the
corresponding SRR is recorded in the Status field 31, so
that by accessing the Status field 31, the recording status
of the SRR can be known. Particularly, any one of the
nine different SRR types discussed above in connection
with FIGs. 2A - 3E can be represented in the Status field
31. In this regard, the complete SRRs with padding
shown in FIGs. 3D and 3E are grouped together as one
type.

[0059] Asanexample, ifthe Status field 31 has a value
"0000b", it means the corresponding SRR is an opened
invisible SRR, e.g., as shown in FIG. 2A. If the Status
field 31 has a value "0001b", it means the corresponding
SRR is an opened incomplete SRR, e.g., as shown in
FIG. 2B. If the Status field 31 has a value "0010b", it
means the corresponding SRR is an opened empty SRR,
e.g., as shown in FIG. 2C. If the Status field 31 has a
value "0011b", it means the corresponding SRR is an
opened partially recorded SRR, e.g., as shown in FIG.
2D. If the Status field 31 has a value "0100b", it means
the corresponding SRR is a closed empty SRR, e.g., as
shown in FIG. 3A. If the Status field 31 has a value
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"0101b", it means the corresponding SRR is a closed
partially recorded SRR, e.g., as shown in FIG. 3B. If the
Status field 31 has a value "0110b", it means the corre-
sponding SRR is a closed complete SRR with an unre-
corded area padded with dummy data, e.g., as shown in
FIGs. 3D and 3E. If the Status field 31 has a value
"0111b", it means the corresponding SRR is a closed
complete SRR without any padding, e.g., as shown in
FIG. 3C.

[0060] The Start address field 32 has the size of twen-
ty-eight bits and is used to record the start address infor-
mation of the corresponding SRR, that is, the address of
the startlocation of the SRR. Generally, this is represent-
ed as a physical sector number (PSN).

[0061] The Reserved field 33 has the size of four bits
and is reserved for specification variations.

[0062] The LRA field 34 has the size of twenty-eight
bits and is used to record the last recorded address in-
formation (LRA) of the corresponding SRR. This field has
information on the last location of user data (except for
padding data) that is recorded in the SRR.

[0063] FIGs. 7A and 7B illustrate respectively how the
SRR type information as defined in FIG. 6 can be applied
to indicate the recording status of each SRR shown in
FIG. 4F (without padding) and FIG. 4G (with padding).
[0064] Referringto FIG. 7A, the SRR #1 is a complete
SRR without padding and this status is indicated with
"0111b" in the Status field 31. The SRR #2 is a closed
partially recorded SRR without padding and this status
is indicated with "0101b" in the Status field 31. The SRR
#3is a closed empty SRR without padding and this status
is indicated with "0100b" in the Status field 31. The SRR
#4 is a complete SRR without padding and this status is
indicated with "0111b" in the Status field 31. The SRR
#5 is an invisible SRR and this status is indicated with
"0000b" in the Status field 31.

[0065] Ontheotherhand, referringto FIG. 7B, the SRR
#1 is a complete SRR without padding and this status is
indicated with "0111b" in the Status field 31. The SRR
#2 is a complete SRR with padding and this status is
indicated with "0111b" in the Status field 31. The SRR
#3 is a complete SRR with padding and this status is
indicated with "0110b" in the Status field 31. The SRR
#4 is a complete SRR without padding and this status is
indicated with "0111b" in the Status field 31. The SRR
#5 is an invisible SRR and this status is indicated with
"0000b" in the Status field 31.

[0066] Accordingly, using the different SRR types de-
fined as shown in FIG. 6 and the Status field, the exact
disc recording status can be known and managed more
effectively.

[0067] FIG. 8 illustrates an SRR entry according to a
second embodiment of the present invention. In this em-
bodiment, the SRR entries are classified into opened
SRRs and closed SRRs. And the closed SRRs are clas-
sified according to whether or not padding is used. Since
the basic structure of the SRR entry in this second em-
bodiment is the same as the first embodiment of FIG. 6,
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the description corresponding to the same features of
the SRR entry (as represented by the use of the same
or like reference numerals) will be omitted.

[0068] Referring to FIG. 8, three different SRR types
defined in this second embodiment are an opened SRR,
a closed empty or partially recorded SRR, and a closed
complete SRR. Thus one of these three different SRR
types is indicated in the Status field 31 of an SRR entry
according to the recording status (SRR type) of the SRR
entry.

[0069] For instance, if the Status field 31 has a value
"0000b," it means the corresponding SRR is an opened
SRR and can be any one kind of opened SRRs shown
inFIGs. 2A-2D. Ifthe Status field 31 has avalue "0010b,"
it means the corresponding SRR is a closed empty SRR
with padding or a closed partially recorded SRR as shown
in FIGs. 3A and 3B. If the status field 31 has a value
"0100b," it means the corresponding SRR is a complete
SRR including the case in which data is fully recorded
as shown FIG. 3C or the case in which the recording is
completed with padding as shown in FIG. 3D or 3E.
[0070] The reason why the SRR type information of
the Status field 31 in the second embodiment can be
defined simpler that that in the first embodiment is as
follows. The LRAs of the SRRs in FIGs. 3C, 3D and 3E
are different from each other although the SRRs are all
complete SRRs. Similarly, the opened SRRs of FIGs.
2A-2D have different starting addresses and LRAs. Then
using the Status field 31 along with the LRA field 34 and
the start address field 32, the type of the SRR can be
identified further.

[0071] FIGs. 9A and 9B illustrate respectively how the
SRR type information as defined in FIG. 8 can be applied
to indicate the recording status of each SRR shown in
FIG. 4F (without padding) and FIG. 4G (with padding).
[0072] Referringto FIG. 9A, the SRR #1 is a complete
SRR and this status is indicated with "0100b" in the Status
field 31. The SRR #2 is a closed partially recorded SRR
without padding and this status is indicated with "0010b"
in the Status field 31. The SRR #3 is a closed empty SRR
without padding and this status is indicated with "0010b"
in the Status field 31. The SRR #4 is a complete SRR
and this status is indicated with "0100b" in the Status
field 31. The SRR #5 means an invisible SRR and this
status is indicated with "0000b" in the Status field 31.
[0073] Ontheotherhand, referringtoFIG. 9B, the SRR
#1 is a complete SRR and this status is indicated with
"0100b" in the Status field 31. The SRR #2 is a complete
SRR with padding and this status is indicated with
"0100b" in the Status field 31. The SRR #3 is a complete
SRR with padding and this status is indicated with
"0100b" in the Status field 31. The SRR #4 is a complete
SRR andthis statusis indicated with "0100b" in the Status
field 31. The SRR #5 is an invisible SRR and this status
is indicated with "0000b" in the Status field 31.

[0074] FIG. 10illustrates an SRR entry according to a
third embodiment of the present invention. Similar to the
first embodiment of FIG. 6, this embodiment provides the
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SRR type information in the Status field 31. But it further
provides session information in the Status field 31. Since
the basic structure of the SRR entry in this third embod-
iment is the same as the first embodiment of FIG. 6, the
description corresponding to the same features of the
SRR entry (as represented by the use of the same or like
reference numerals) will be omitted.

[0075] Referring to FIG. 10, the Status field 31 is di-
vided into two parts 31a and 31b. The first part 31 a has
a 1 bit size and stores therein session flag (S-flag) infor-
mation. The S-flag information indicates whether or not
the corresponding SRR is the start of a session. The sec-
ond part 31b or the three remaining bits of the Status
field 31 store therein SRR Type information 31b identi-
fying the SRR types in the same manner as the first em-
bodiment as shown in FIG. 6.

[0076] More specifically, if one heading bit (S-flag) 31a
of the Status field 31 is "1b", it means the corresponding
SRR is the start SRR of a session. If the first part 31a
has a value "0b", then the corresponding SRR is not the
start SRR of a session.

[0077] Ifthe second part 31b (the three remaining bits)
of the Status field 31 has a value "000b," it means the
corresponding SRR is an opened invisible SRR, e.g., as
shown in FIG. 2A. If the second part 31b has a value
"001b," it means the corresponding SRR is an opened
incomplete SRR, e.g., as shown in FIG. 2B. If the second
part 31b has a value "010b," it means the corresponding
SRR is an opened empty SRR, e.g., as shown in FIG.
2C. If the second part 31b has a value "011b," it means
the corresponding SRR is an opened partially recorded
SRR, e.g., as shown in FIG. 2D. If the second part 31b
has a value "100b," it means the corresponding SRR is
a closed empty SRR, e.g., as shown in FIG. 3A. If the
second part 31b has a value "101b," it means the corre-
sponding SRR is a closed partially recorded SRR, e.g.,
as shown in FIG. 3B. If the second part 31b has a value
"110b," itmeans the corresponding SRR is a closed com-
plete SRR with padding, e.g., as shown in FIGs. 3D and
3E. If the second part 31b has a value "111b," it means
the corresponding SRR is a closed complete SRR with-
out padding, e.g., as shown in FIG. 3C.

[0078] FIGs. 11A and 11B illustrate respectively how
the SRR type information and session information as de-
fined in FIG. 10 can be applied to indicate the recording
status of each SRR and session shown in FIG. 4F (with-
out padding) and FIG. 4G (with padding).

[0079] Referring to FIG. 11A, since the SRR #1 is a
complete SRR without padding and also is the start SRR
of the session #1, this status is indicated with "1111b" in
the Status field 32. That is, this four-bit Status field 31
includes the one-bit session flag (41a) and the remaining
three-bits SRR type information (31b) as discussed
above. Since the SRR #2 is a closed partially recorded
SRR without padding and also is the start SRR of the
session #2, this status is indicated with "1101b" in the
Status field 31. Since the SRR #3 is a closed empty SRR
without padding but is not the start SRR of the session
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#2, this status is indicated with "0100b" in the Status field
31. Since the SRR #4 is a complete SRR without padding
but is not the start SRR of the session #2, this status is
indicated with "0111b" in the Status field 31. Since the
SRR #5 is an invisible SRR and also is the start SRR of
the session #3, this status is indicated with "1000b" in
the Status field 31.

[0080] On the other hand, referring to FIG. 11B, since
the SRR #1 is a complete SRR without padding and also
is the start SRR of the session #1, this status is indicated
with "1111b" in the Status field 31. Since the SRR #2 is
a complete SRR with padding and also is the start SRR
of the session #2, this status is indicated with "1110b" in
the Status field 31. Since the SRR #3 is a complete SRR
with padding but is not the start SRR of the session #2,
this status is indicated with "0110b" in the Status field 31.
Since the SRR #4 is a complete SRR without padding
but is not the start SRR of the session #2, this status is
indicated with "0111b" in the Status field 31. Since the
SRR #5 is an invisible SRR and also is the start SRR of
the session #3, this status is indicated with "1000b" in
the Status field 31.

[0081] Accordingly, since both the session start infor-
mation and the SRR type information are provided in the
Status field of each SRR entry, the type of each SRR and
the startlocation of each session can be known and used
to more effectively manage and utilize the disc.

[0082] FIG. 12illustrates an SRR entry according to a
fourth embodiment of the present invention. This fourth
embodiment is identical to the third embodiment shown
in FIG. 10, except that the second part (3 bits) 31b of the
Status field 31 of each SRR entry identifies the three
different SRR types defined in FIG. 8, instead of the eight
different SRR types defined in FIG. 10. Thatis, the Status
field 31 includes the 1-bit S-flag and the 3-bits SRR type
information, where the SRR type information is repre-
sented as one of "000b", "010b" and "100b".

[0083] FIGs. 13A and 13B illustrate respectively how
the SRR type information and session information as de-
fined in FIG. 12 can be applied to indicate the recording
status of each. SRR and session shown in FIG. 4F (with-
out padding) and FIG. 4G (with padding).

[0084] Referring to FIG. 13A, since the SRR #1 is a
complete SRR and also is the start SRR of the session
#1, this status is indicated with "1100b" in the Start field
31. Since the SRR #2 is a closed partially recorded SRR
without padding and also is the start SRR of the session
#2, this status is indicated with "1010b" in the Status field
31. Since the SRR #3 is a closed empty SRR without
padding but is not the start SRR of the session #2, this
status is indicated with "0010b" in the Status field 31.
Since the SRR #4 is a complete SRR but is not the start
SRR of the session #2, this status is indicated with
"0100b" in the Status field 31. Since the SRR #5 is an
opened invisible SRR and also is the start SRR of the
session #3, this status is indicated with "1000b" in the
Status field 31.

[0085] On the other hand, referring to FIG. 13B, since
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the SRR #1 is a complete SRR and also is the start SRR
of the session #1, this status is indicated with "1100b" in
the Status field 31. Since the SRR #2 is a complete SRR
with padding and also is the start SRR of the session #2,
this status is indicated with "1100b" in the Status field 31.
Since the SRR #3 is a complete SRR with padding but
is not the start SRR of the session #2, this status is indi-
cated with "0100b" in the Status field 31. Since the SRR
#4 is a complete SRR but is not the start SRR of the
session #2, this status is indicated with "0100b" in the
Status field 31. Since the SRR #5 is an opened invisible
SRR and also is the start SRR of the session #3, this
status is indicated with "1000b" in the Status field 31.
[0086] FIG. 14 illustrates an SRR entry according to a
fifth embodiment of the present invention. Sessions,
opened/closed SRR and padding of the closed SRR can
be identified with separately allocated bit(s). Referring to
FIG. 14, the Status field 31 of each SRR entry is divided
into the first part 31a (S-flag), a second part 31¢ being
an open/close flag, and a third part 31d being a padding
flag.

[0087] The firstheading bitb63 (31a) of the Status field
31 is designated to carry the S-flag information indicating
whether the corresponding SRR is the start of a session.
The use and definition of the S-flag information here is
the same as the S-flag information (31a) in the previous
embodiments. One next bit b62 (31c) is designated as
the open/close flag indicating whether the corresponding
SRR is an opened SRR or a closed SRR. The two re-
maining bits b61 and b60 (31d) of the Status field 31 are
designated as a padding flag indicating whether or not
the closed SRR is padded.

[0088] As anexample, if the open/close flag (31¢) has
a value "0Ob", it means the corresponding SRR is an
opened SRR. If the open/close flag (31c) has a value
"1b", it means the corresponding SRR is a closed SRR.
[0089] As an example, if the two remaining bits (31d)
of the Status field 31 (i.e., the padding flag) are "00b", it
means the corresponding SRR is an opened SRR re-
gardless of whether it is padded or not. If the padding
flag has a value "10b", it means the corresponding SRR
is a closed SRR with padding. If the padding flag has a
value "11b", it means the corresponding SRR is a closed
SRR without padding.

[0090] FIGs. 15A and 15B illustrate respectively how
the SRR type information and session information as de-
fined in FIG. 14 can be applied to indicate the recording
status of each SRR and session shown in FIG. 4F (with-
out padding) and FIG. 4G (with padding).

[0091] Referring to FIG. 15A, since the SRR #1 is a
complete SRR without padding and also is the start SRR
of the session #1, this status is indicated with "1111b" in
the Status field 31. Since the SRR #2 is a closed partially
recorded SRR without padding and also is the start SRR
of the session #2, this status is indicated with "1111b" in
the Status field 31. Since SRR #3 is a closed empty SRR
without padding but is not the start SRR of the session
#2, this status is indicated with "0111b" in the Status field
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31. Since the SRR #4 is a complete SRR without padding
but is not the start SRR of the session #2, this status is
indicated with "0111b" in the Status field 31. Since the
SRR #5 is an opened invisible SRR and also is the start
SRR of the session #3, this status is indicated with
"1000b" in the Status field 31.

[0092] On the other hand, referring to FIG. 15B, since
the SRR #1 is a complete SRR without padding and also
is the start SRR of the session #1, this status is indicated
with "1111b" in the Start field 31. Since the SRR #2 is a
complete SRR with padding and also is the start SRR of
the session #2, this status is indicated with "1110b" in
the Start field 31. Since the SRR #3 is a complete SRR
with padding but is not the start SRR of the session #2,
this status is indicated with "0110b" in the Status field 31.
Since the SRR #4 is a complete SRR without padding
but is not the start SRR of the session #2, this status is
indicated with "0111b" in the Status field 31. Since the
SRR #5 is an opened invisible SRR and also is the start
SRR of the session #3, this status is indicated with
"1000b" in the Status field 31.

[0093] Since in the fifth embodiment the session start
information, the opened/ closed SRR indicating informa-
tion and the padding information can be indicated sepa-
rately using the different flags or bits of the Status field,
such information can be identified and managed more
precisely and effectively.

[0094] In the various embodiments of the present in-
vention, the size of each field or each flag of the field can
be varied according to the need. For instance, instead of
having a 1-bit session flag (31a), it is possible to use two-
bits session flag. Further, the manner in which the differ-
ent values of the flags/fields are assigned to indicate dif-
ferent information (e.g., different SRR types, session
start information, open/close information or padding in-
formation) can be selectively changed as needed. For
instance, in FIG. 14, the padding flag values of "00b",
"10b" and "11b" can be designated to indicate respec-
tively a closed SRR without padding, a closed SRR with
padding, and an opened SRR. Moreover the location of
each flag within the Start field, or the location of each
field in the SRR entry may be changed. For instance, the
session flag can be any one of the first four bits of the
Status field.

[0095] FIG. 16 illustrates a method of updating the
SRR information according to the present invention. It
involves sorting SRR entries included in the SRRI in a
specific order and recording the sorted SRRI accumula-
tively. The method of FIG. 16 can be applied to all the
first to fifth embodiments of the present invention.
[0096] Referring to FIG. 16, the n-th recorded SRR in-
formation is verified to record the (n+1)-th update SRR
information. The n-th recorded SRR information and the
(n+1)-th SRR information to be updated currently are col-
lected together and sorted in a specific order. Then the
sorted SRRl is recorded on the disc. Inthe same manner,
the (n+1)-th recorded SRR information is verified to
record the (n+2)-th updated SRR information. The
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(n+1)-th recorded SRR information and the (n+2)-th SRR
information to be updated currently are collected together
and sorted in a specific order. The sorted SRRI informa-
tion is recorded on the disc.

[0097] Asanexample, asforthe sortingorder, the SRR
type information (status) identifying the SRR type of an
SRR entry is the first criteria by which the sorting occurs.
Then among the same SRR types, the start address of
the SRRs is used as the second criteria to sort. However,
as for the sorting order, how to determine the sorting
criterion is a selection problem and various selections
can be made according to a system or a designer.
[0098] Accordingtothe presentinvention, all the SRRs
existing in the write-once optical disc such as a BD-WO
can be sorted according to the SRR type so that the SRR
type information for the SRRs can be easily recognized.
All the previous SRRI can be confirmed at once only with
reference to the latest SRRI updated last, so that the
access time can be saved.

[0099] FIG. 17 illustrates an optical disc recording/re-
producing apparatus according to the present invention.
This apparatus or other suitable apparatus or system can
be used to implement the structure of the disc and the
method of recording the disc management information
including the recording status information, as discussed
in the various embodiments of the present invention.
[0100] Referring to FIG. 17, the optical disc recording/
reproducing apparatus includes a recording/reproducing
unit 10 for recording and reproducing data to/from the
optical disc and a controller 20 for controlling the record-
ing/reproducing unit 10. All the elements of the recording/
reproducing apparatus are operatively coupled. The con-
troller 20 transmits a command for recording or repro-
ducing to/from a special recording area such as an SRR/
session on the disc, to the recording/reproducing unit 10.
The recording/reproducing unit 10 records or reproduces
data to/from the disc according to the commands of the
controller 20. The recording/reproducing unit 10 includes
an interface unit 12, a pick-up unit 11, a data processor
13, a servo unit 14, a memory 15 and a microcomputer
16. The interface unit 12 communicates with external de-
vices such as the controller 20. The pick-up unit 11 record
or reproduces data to/from the optical disc directly. The
data processor 13 receives a reproduction signal from
the pick-up unit 11, restores a preferred signal, modu-
lates a signal proper to the optical disc, and transmits the
signal. The servo unit 14 controls the pick-up unit 11 to
read the signal from the optical disc or to record the signal
to the optical disc. The memory 15 stores temporarily
data and various information including management in-
formation as discussed above. The microcomputer 16
controls the components of the recording/reproducing
unit 10. Since the recording/reproducing apparatus
shown in FIG. 17 can selectively perform a padding op-
eration, a designer can more freely design the recording/
reproducing apparatus. The recording/reproducing unit
10 can automatically store specific data during a padding
operation.
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[0101] An optical disc recording/reproducing process
will be described according to the present invention.
When the optical disc such as a BD-WO is loaded in the
recording/reproducing apparatus such as the apparatus
of FIG. 17, SRR information is read as the recent disc
management information recorded in a predetermined
management area such as a TDMA in the disc. The SRR
header and SRR entry recorded in the SRR information
are read and are temporarily recorded in the memory 15
of the recording/reproducing unit 10. The recent disc re-
cording status is represented in the stored SRR informa-
tion. As discussed above, the disc recording status for
the entire area of the disc, and the existence and location
of a specific session can be confirmed from the SRR type
information and the LRA information in each SRR.
[0102] As a result, the use of the SRRI as defined ac-
cording to the present invention is advantageous and ef-
fective.

[0103] For instance, since the microcomputer 16 can
confirm exactly the SRR type existing in the disc from
the SRR information, the recordable NWA can be iden-
tified from the confirmed opened SRR. From the con-
firmed closed SRR, it can be confirmed whether or not
the SRR is padded. If the SRR is closed without padding,
the corresponding area may be padded, so that the un-
recorded area can be cleared.

[0104] When the SRR is closed according to the close
command of the controller 20, the microcomputer 16 can
determine whether the SRR is closed after padding or
without padding. According to the designer, the appara-
tus can be designed to close the SRR after padding un-
conditionally even without any padding command from
the controller 20.

[0105] When the SRR type is changed due to padding
as described above, the SRR type information inthe SRR
entryis changed and recorded, so that another recording/
reproducing apparatus can use such information.
[0106] The function described above can be called
"automatic padding function" of the recording/reproduc-
ing unit 10. The use of this function in the recording/re-
producing unit 10 may be more advantageous in time
over receiving the dummy data in response to a padding
command of the controller 20 and padding the SRR.
[0107] Accordingly, the definitions of the SRR type and
the method of recording the SRR information according
to the set definitions can be variably selected.

Industrial Applicability

[0108] The write-once optical disc management infor-
mation recording method according to the present inven-
tion includes defining new SRR types and session types
representing disc recording status more precisely, and
recording identification information for identifyingan SRR
type and a session in the SRR information, so that the
management information can be efficiently recorded and
managed.

[0109] It will be apparent to those skilled in the art that

10

15

20

25

30

35

40

45

50

55

13

various modifications and variations can be made in the
present invention. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the ap-
pended claims and their equivalents.

Claims

1. A method for recording management information on
a recording medium having one or more recording-
ranges formed for storing data, characterized by
the method comprising steps of:

determining whether to perform a step of record-
ing padding data into a recordable area of a re-
cordable recording-range when changing the re-
cordable recording-range into a non-recordable
recording range; and

recording padding indicator information indicat-
ing whether or not the step of recording padding
data is performed.

2. The method of claim 1, wherein the step of recording
padding indicator information records the padding
indicator information in accordance with a result of
the step of determining.

3. The method of claim 1, further comprising:

performing the step of recording padding data
when changing the recordable recording-range
into the non-recordable recording-range,
wherein the step of recording padding indicator
information records the padding indicator infor-
mation indicating that the step of recording pad-
ding data has been performed.

4. The method of claim 3, wherein the step of recording
padding data is performed without a padding com-
mand from an external host.

5. The method of claim 1, wherein the step of recording
padding data is selectively performed.

6. The method of claim 1, wherein the padding data is
dummy data or zero values of data.

7. The method of one of claims 1 to 6, wherein the step
of padding data is performed into all recordable area
within the recordable recording-range being
changed.

8. The method of one of claims 1 to 7, wherein the step
of padding indicator information records the padding
indicator information onto a management area of the
recording medium.
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14.

15.

16.

17.

25

The method of one of claims 1 to 8, wherein the pad-
ding indicator information consists of 2 bits.

An apparatus for recording management information
on a recording medium having one or more record-
ing-ranges formed for storing data, characterized
by the apparatus comprising:

a pickup configured to record data onto the re-
cording medium; and

amicrocomputer (16), operatively coupled to the
pickup (11), configured to determine whether to
perform recording padding data into a recorda-
ble area of a recordable recording-range of the
recording medium when changing the recorda-
ble recording-range into a non-recordable re-
cording range; and to control the pickup (11) to
record padding indicator information indicating
whether or not the recording padding data is re-
corded.

The apparatus of claim 10, wherein the microcom-
puter (16) is configured to control the pickup (11) to
record the padding indicator information in accord-
ance with whether a result of the determining.

The apparatus of claim 11, wherein the microcom-
puter (16) is configured to control the pickup (11) to
record the padding data when changing the record-
able recording-range into a non-recordable record-
ing range, wherein the microcomputer (16) is con-
figured to control the pickup (11) to record the pad-
ding indicator information indicating that the padding
data has been recorded

The apparatus of claim 12, wherein the microcom-
puter (16) is configured to control the pickup (11) to
record the padding data into the recordable area
without a padding command from an external host
(20).

The apparatus of claim 10, wherein the microcom-
puter (16) is configured to control the pickup (11) to
selectively record the padding data.

The apparatus of claim 10, wherein the microcom-
puter (16) is configured to control the pickup (11) to
record dummy data or zero values of data as the
padding data.

The apparatus of one of claims 10 to 15, wherein the
microcomputer (16) is configured to control the pick-
up (11) to record the padding data in all recordable
area of the recordable recording-range.

The apparatus of one of claims 10 to 16, wherein the
microcomputer (16) is configured to control the pick-
up (11) to record the padding indicator information
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18.

19.

20.

21.

22.

23.

26
onto a management area of the recording medium.

The apparatus of one of claims 10 to 17, wherein the
microcomputer (16) is configured to control the pick-
up (11) to record the padding indicator information
consisting of 2 bits.

A recording medium having one or more recording-
ranges formed for storing data, comprising:

a recording-range of which at least one record
unit has padding data padded thereto when
changing the recording range from a recordable
recording-range into a non-recordable record-
ing range; and

padding indicator information indicating whether
the padding data is padded in the at least one
recording unit.

The recording medium of claim 19, wherein the pad-
ding data is to be padded into the at least one re-
cording unitis automatically without an external com-
mand.

The recording medium of claim 19 or 20, wherein
the padding data is dummy data or zero values of
data.

The recording medium of one of claims 19 to 21,
wherein the padding indicator information is to be
recorded in a management area of recording medi-
um.

The recording medium of one of claims 19 to 21,
wherein the padding indicator information consists
of 2 bits.
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FIG. 24

Start address

Invisible SRR %\
NWA (Next Writable Address)

FIG. 2B

Start address LRA (Last Recorded Area)

Incomplete SRR

NWA
F1G. 2C
Start alddress End address
opened Empty _ ¥ l
SRR ﬁ
NWA
FiG. 2D

Start address LRA End address

Opened Partially
recorded SRR

NWA
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FIG. 3A
Start address End address
Closed empty
SRR No NWA
FIG. 3B

Start address LRA End address

Closed partially
recorded SRR

No NWA

FIG. 3C

LRA
Start address End address

Complete SRR (1)
No NWA

FlG, 3D
Start aiddress LEE‘,A End address
LT

No NWA \ padding

Complete SER (2) v
for partially recorded

FIG. 3E

Start g.ddress End address

Complete SRR (3) g,
for Empty No NWA \__ padding
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FIG. 6
8 byte (64 bits)
A
4 h
. 4bits  28bits | 4bits 28 bits '
IR i i T T
e?f’i?y Start ?dd?ess rese:rved LR\A
{ { (
32 33 34

0000b . opened, invisible SRR

0001b : opened, incomplete SRR

0010b : opened, empty SRR

0011b : opened, partially Recorded SRR

0100b : closed, empty SER

0101b : closed, Partially Recorded SKR

0110b : closed, complete SRR with padded data
0111b : closed, complete SRR without padded data
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FIG. 8

8 byte (64 bits)
A

s ‘ N
31 i_ 4 hits . 28 bits m 4 bits e 28 bits _'
SRR Start address; reserved LRA
entry|; \ \ .
M

. ! | |

@ 32 33 34

0000b : opened SRR
0010b : closed, empty or Partially recorded SRR
0100b : closed, complete SRR (include in case of padding data)
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FIG. 10

8 byte (64 bits)

/ 8 )
a1 %n 4 bits 28 bits . 4 bits . 28 bits N
e%%gy Start address reser\:ed LRA

X < 0

3la— Session -

N NN —

y

1b : session start SER
0b : others

~— 31b

000b : opened, invisible SRR

001b : opened, incomplete SRR

010b : opened, empty SRR

01ib : opened, partially Recorded SER

100b : closed, empty SRR

101b : closed, Partially Recorded SRR

110b : closed, complete SRR with padded data
i1b : closed, complete SRR without padded data
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FIG. 12

8 byte (64 bits)

A ™
28 bits , 4bits . R8bits
Start address| reserved LRA
\32 1 o
21a | dSession .
Flag(1bit) SRR Type (Bbltsﬂ\d -
\ A J
v e

.

lb ; session start SRR
0b : others

000b : opened SRR |
010b : opened, empty or partially recorded SER
100b : closed, complete SRR {include in case of padding data)
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FIG. 14

32 8 byte (64 bits)
\ A

N
4 bits . 28 bits _'
reserved \' LRA
b63 hb2 e 61,60 \33 34
a_l Session | Open/Close |  padding a1d
Flag(ibit)]  Flag(lbit) | Flag(2bit) T~
\ A N y
Y Y { Y
H 3lc
V4
1b : session start SRR
0b : others
0b : opened'SRR
1b : Close SKER
N

00b : opened SRR(ignored)
10b : Closed SRR(with padding)
11b : Closed SER(without padding)
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